An ultrasonic sensor measures the river level for gravity discharge. If river levels are high, the gravity
diversion gate is closed and the pumped diversion channel gate is opened. The wet well diversion gate
is also used to maintain the influent channel level, working with the flow control gate. Discharge
pumps are activated automatically based on wet well level. Flap gates are also installed on both the
gravity and pumped diversion outfalls to restrict river water from entering the system.

Flow through the station is measured by an ultrasonic device at the parshall flume. There is also an
ultrasonic depth device in the influent channel, which is used to modulate the flow control and
diversion gates. CSO diversion flows are estimated using the influent channel depth and an orifice
equation for flow past the gravity diversion gate. Pumped flow is monitored using the mag meter
along the pump discharge outlet pipe.

Warren CSO Diversion Station

This facility is located along the Concord River in the downtown area, adjacent to the UMass Lowell
Convention Center parking garage, and includes a building and below-ground levels. Figure 2-20
shows a schematic drawing of the regulator station layout.

Dry weather flow from the Warren Interceptor and the Marginal Interceptor combines into an influent
chamber. The flow typically proceeds through an influent control sluice gate into a channel in the
below grade portion of the station and through a mechanically cleaned bar screen before the flow
enters three siphons under the Concord River that connect to the Merrimack West Interceptor. The
siphons have magnetic flow meters that are currently not functioning.

There are two overflow sluice gates at the
Warren Street Station, within the influent
structure, which are activated automatically
by an ultrasonic sensor (located in the
influent chamber). The flow control gate on
the influent channel is normally fully open
and closes to limit flow past the bar screen
based on channel depths. The flow control
gate is utilized to maximize Warren
Interceptor depths for inline storage. When
wet weather flow exceeds the siphon
capacity (determined by channel depth at the
screen) and the upstream interceptor pipe
storage capacity, the two diversion gates are  warren €SO Station

opened to divert excess flow. Meanwhile

flow through the siphon to the Duck Island WWTF is maximized during diversion operations.

The gravity diversion gates open down and function as variable weirs that are used to measure the
CSO discharge from the facility. Flow is discharged to the Concord River via a 96 inch diameter outfall
pipe with a flap gate to restrict river water from entering. High river depths do not typically restrict
the gravity diversion capability of this station. There is no pumped discharge.

There are two depth monitoring devices in this station. An ultrasonic sensor is located within the
influent channel (used to estimate diversion flow over the top of the gates and interceptor pipe
storage depths) and another is located in the siphon channel before the bar screen to prevent
overtopping of the interior conveyance channel in the station using the flow control gate.

CDM
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Barasford CSO Diversion Station’
This station is a below-ground structure is located adjacent to the Merrimack CSO Diversion Station.
Figure 2-21 shows a schematic drawing of the regulator station layout.

Dry weather flow from the Barasford Interceptor, from the
Wentworth Avenue and Douglas Road area and the Belvidere
neighborhood area, proceeds through a parshall flume and into
the Merrimack East Interceptor. Diversions at this CSO structure
are activated automatically when the diversion gate is opened
based on Merrimack Interceptor water levels. The flow control
and diversion gates are modulated together to maximize flow
into the interceptor. As soon as the flow control gate starts to
close, the diversion gate is opened (opens down and act as a
variable depth weir). Although the CSO outfall pipe is equipped
with a flap gate to restrict river water from entering the
collection system; the outfall pipe is very high and typically can
discharge CSOs during most river conditions. There is no

pumped discharge at this station. Barasford CSO Station

There is a parshall flume located along the dry weather
connector pipe. There are two depth monitoring devices in this structure: one in the influent channel
of the structure and one device in the outfall chamber (to measure activation and estimate CSO

discharges)

Merrimack CSO Diversion Station
This facility includes both a building and below-ground levels and is located across the Merrimack
River from the Duck Island WWTF. Figure 2-22 is a schematic drawing of the regulator station layout.
This facility is the primary point of control for flows entering the Duck Island facility from the south
bank interceptor system (via a set of siphons under the Merrimack River). Duck Island operators
often manually (and remotely) control this
station, along with the West CSO Station, to " e ;
maximize flow to the WWTF based on river S Lo SN 5 Y TNOVERE L e
depths, storm conditions, WWTF flow rates, e "
and interceptor storage levels. hov.

Typically dry weather flows enters the station
from the Merrimack East and West
Interceptors, proceeds through the flow
control gate, then a mechanically cleaned bar
rack and into the siphons under the river. The
siphons have a capacity of about 63 MGD. e

Flow to the WWTF is controlled by P : ‘
modulating the flow control sluice gate R s i o sl
located within the station. This gate is Merrimack CSO Station

controlled both automatically by the local PLC

and by the WWTF operators via SCADA.
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TABLE 3-1
LRWWU LTCP / CIP PROGRAM SUMMARY

CIP Emergency WWTF $5 M Gravity Thickener & Aeration Blower Upgrades 2008
Phase 1A Upgrades CIP Engineering Design
WWTF Wet Weather Treatment Capacity
Diversion Station Control & Interceptor Storage
Sewer Separation Program
CSO Phase 1 Wet Weather Infiltration / Inflow Reduction
LTCP Riope $90 M Sewer Rehabilitation Program 2011
Sewer Separation Sump Pump Disconnection Program (ARRA)
WWTF Influent Pumping Station
Warren CSO Diversion Station
Interceptor System Storage
Odor Control Solids & Septage Upgrade
Process Odor Control & Site Improvements
cIP Improvements $23 M HVAC, Electrical & Mechanical Systems 2012
Phase 1B-01/02 High Flow WWTF Aeration System Upgrade (ARRA)
Management Green Roofs & Photovoltaic (ARRA)
Flood Protection Flood Protection System — Levee Stabilization

WWTF SCADA & Electrical Upgrades

o WWTF Upgrades $2M Hauled Waste Storage Facilities 2013

Phase 1B-03 . .

Process Control Improvements




Proper operation and regular maintenance programs for the sewer system and CSO outfalls

Since 1990, the city has implemented a vigorous operation and maintenance program on their
combined sewer system including regular inspection and cleaning of all gravity sewers, drains,
pumping stations, 9 CSO diversion stations and outfalls. The city has trained, dedicated staff that work
year round inspecting the diversion and pumping stations, cleaning catch basins, jetting and rodding
sewer and drains, TV inspection of sewers, cleaning and maintaining pumping stations and wet wells.
The city has its own fleet of TV inspection and pipe cleaning equipment.

LRWWU tracks its progress on system maintenance using a data management and reporting software
and is considering the development within the next several years of a more enhanced computerized
maintenance management system for work orders and recordkeeping to monitor preventive
maintenance and inspection procedures and to track asset repair, replacement, and rehabilitation
costs.

LRWWU maintains a sophisticated geographic information system (GIS) that includes all of the
significant pipe information for both sewer and stormwater systems, including sewer laterals. The GIS
is maintained annually to update it for any known corrections to the database and /or changes or
updates the city makes as part of the capital improvements plan. Field staff also have laptop
computers in the field to access the database and to record corrections that are observed in the field.

LRWWU also completed improvement projects at several of the CSO diversion stations to improve
operations, to monitor control valves (to minimize CSO discharges, and to improve worker safety.
LRWWU also replaced the School Street Pumping Station to improve operations and minimize
maintenance and LRWWU is evaluating other capital improvements to allow remote monitoring of
key sewer pumping stations and completely rehabilitation of the stations to improve maintenance.

Maximize the use of the collection system for storage

LRWWU has a very advanced real-time control system to allow the utility to maximize the use of the
large diameter interceptor system for storage of wet weather flow to minimize CSO discharges. The
control system required several phases of work to install new flow control valves at most of the CSO
diversion stations, new depth monitoring devices, and a very extensive supervisory control and data
acquisition system (SCADA) to collect the monitoring data, to control gates in the system, and to
maximize the use of treatment at the WWTF and storage within the combined sewer system.

Installing the equipment was one step in the process of maximizing storage in the system. LRWWU
also utilized a workshop approach, using consultants and staff, to systematically evaluate separate
storm events on a periodic basis to examine the impacts in the system, estimate the amount of CSO
discharge, identify the operational parameters when a discharge occurred, and provide suggestions on
what system operational changes could be made to further maximize control in the system. Ultimately,
this collaborative effort helped LRWWU to gain a much better understanding of how the system
responds to storm events and to capture wet weather without resulting in catastrophic system
flooding.

Review and modification of pretreatment requirements to ensure the CSO impacts are
minimized

The purpose of this control is to minimize impacts of discharges in the combined sewer system from
non- domestic sources during wet weather events. LRWWU has implemented an industrial
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pretreatment program (IPP). All industrial discharges to the city’s sewer system are required to
adhere to the requirements of the city’s IPP program. LRWWU consistently assesses the effluent
quality of non-domestic discharges and adjusts the IPP program accordingly to minimize industrial
pollution in its flow stream. When possible, LRWWU has encouraged the direct discharge of industrial
flows into the process stream directly at the Duck Island WWTF to avoid the potential discharge of
contaminants at the CSO discharges.

Maximization of flow to the publicly owned treatment works (POTW) for treatment

The fourth minimum control is focused on minimal modifications to the collection system and WWTF
to enable as much wet weather flow as possible to reach the treatment facility with the ultimate goal
of reducing the magnitude, frequency and duration of CSOs to receiving waters.

As discussed above, LRWWU has implemented many measures to maximize flow to the WWTF,
including real time control, instrumentation and monitoring, and gate improvements, etc. and
improving maintenance and operation of the system in general. In addition, as discussed further later
in this section, LRWWU is currently implementing a capital improvements plan at the WWTF to renew
existing equipment and enhance treatment processes at the facility to ensure reliable, and consistent,
treatment to meet effluent quality standards.

Elimination of overflows during dry weather

Overflows from the CSO discharge outfalls are prohibited under the NPDES WWTF permit. LRWWU
has a comprehensive depth monitoring system at most of the CSO regulator/outfalls to ensure that
there are no dry weather overflows (DWOs). There are gravity diversion control gates at most of the
(SO outfalls that remain closed during dry weather conditions to prevent DWOs. In addition, flow
depths are monitored so that an alarm will be triggered with high depths of flow in the main
interceptor that might overtop a weir (with the diversion gates closed). If flow were to enter wet wells
and engage the CSO pumps, alarms would also be raised. LRWWU immediately investigates any
alarms and to identify if any discharge alarms were triggered during dry weather flow conditions.

There have been no dry weather discharges from Lowell’s combined sewer system.

Control of solid material and floatable material in CSOs:

Under this minimum control, visible floatables and solids should be controlled from being discharged
to local receiving waters in the CSOs. The minimum control required communities to identify low-cost,
easily implementable, actions that could reduce or eliminate floatables in the CSO discharges. Flow is
screened at two of the nine CSO diversion stations (Beaver and Walker Stations) before it is

potentially discharged to the river.

At the other sites, potential facility improvements were considered in the 1998 NMC report to help
reduce the extent of potential floatables in the CSOs. Based on the past assessment, there are no easy
and cost-effective approaches to capturing solids and floatable at the remaining stations for a variety

of reasons including the constrained space within the CSO stations to install new screens, trash racks,
or baffles, the lack of available land (most of the outfalls are situated directly on the river with no
reasonable room for inline screens along the outfall pipe), and river/flow conditions that would
preclude outfall technologies (like booms or netting systems).
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Accordingly, LRWWU relies on devices such as catch basin hoods and (appropriately sized) sumps
within catch basins, and other devices can be used to trap solids within the combined collection
system. Lowell’s major pollution prevention measure for the reduction of floatables to its receiving
waters is the regular cleaning of catch basins and street sweeping.

Street sweeping is performed by the Lowell Department of Public Works and most streets are sweptat ~ \ -
least twice per year with the downtown streets being swept multiple times in the year. Catch basin o4
cleaning is performed by outside contractors, funded by LRWWU. Lowell’s catch basins are cleaned
on a frequency of about once every ten years.

Pollution prevention programs to reduce contaminants in CSOs

LRWWU and the city distribute brochures to maintain awareness of the stormwater and CSO pollution
issues and CSO abatement requirements. As LRWWU has implemented its sewer separation program,
public outreach has been utilized to inform local residents of pollution prevention issues.

LRWWU has a catch basin identification program that engages neighborhood associations to
participate in the installation of plaques at catch basins that inform the public about the discharge
destination of the stormwater flow. LRWWU maintains an annual program to coordinate with groups
to continue to label the catch basins until all catch basins are properly labeled. This program educates
the public about the effects of illicit dumping (into catch basins) and promotes stewardship of the
public drainage system.

Public notification to ensure that the public receives adequate notification of CSO occurrences
and CSO impacts

The purpose of this NMC is to inform the public of the location of CSO outfalls, the actual occurrence of
CSOs, the possible health and environmental effects of CSOs and the curtailing of recreational
activities due to CSO discharges. Each of the CSO stations and outfalls has signage that identifies the
CSO outfall. Immediate notifications are also distributed to concerned parties downstream of Lowell
whenever any CSO is discharged. Estimates of CSO flow discharges and the time period are also
included in the notification.

LRWWU is developing a website to help keep the public informed about LRWWU and its progress on
the CSO abatement program.

Monitoring to effectively characterize CSO impacts and the efficiency of CSO controls

LRWWU maintains an extensive network of depth and flow measurement gauges at the CSO diversion
stations to monitor the activation of CSOs and to estimate CSO flow rates and volumes. LRWWU has
spent an extensive amount of time, using temporary gauges, to confirm the flow measurements and
volumes (estimated by using orifice flow equations or depth over a weir). While all flow
measurements in turbulent conditions have inherent accuracy issues, LRWWU has worked diligently
to apply the best flow measurement technology to obtain accurate CSO discharge measurements at
each of the CSO Stations.

3.3 Capital Improvements Planning

In 2007, LRWWU initiated a comprehensive assessment of its infrastructure to develop a capital
improvement plan (CIP) to revitalize aging facilities and equipment and identify opportunities to
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improve processes for the future. The work was completed using engineering consultants and staff at
a cost of about $1.2 million.

This assessment includes a review all assets of the utility including the Duck Island WWTF and
processes, sewer and drainage collection system piping, sewer pumping stations, revenue billing
meters, and CSO diversion stations. This effort culminated in approximately a $340 million capital
investments plan that has been implemented by LRWWU in a phased approach. Approximately $80
million of the original plan has already been completed.

LRWWU periodically assesses the priority of projects on the plan, adjusting the scope, budgets, and
timing of the projects based on the ongoing needs and the benefits achieved for preceding projects.
LRWWU is committed to continuing with the CIP to ensure that the federal and state permits and
operations requirements are met, environmental impacts are reduced, and that the public and utility
staff are safe with respect to wastewater facilities.

WWTF improvements remaining include projects that will replace the remaining aging equipment at
the facility that was not already replaced in the latest phases of capital improvements (discussed later
in this section), such as sludge dewatering equipment and the collector/scum equipment and solids
pumps in the primary and secondary clarifier tanks, and capital improvements such as those related

to the effluent pumping station and outfall, continued improvements to the electrical system i

b

throughout the plant, and potentially odor control in the future. The utility is also planning for a T&-- A=
potential project related to sustainable energy/co-generation at the plan and has included an o
allowance for facility improvement that might be necessary to meet future restrictive effluent permit
requirements. These WWTF improvements total about $87 million.

In the collection system, LRWWU’s primary project is to complete a set of limited improvements to
some key sewer pumping station - to replace existing pumps, consider different screenings handlings,
and improve instrumentation for potential remote operation at each station to improve maintenance
and increase reliability. LRWWU also prepared a budget for a program to inspect, clean, and maintain
the interceptor system, especially the siphons. In addition, the utility is including capital costs to
rehabilitate or replace each of its ewer pumping stations as over time they exceed their useful lifespan.
Finally, LRWWU is including the eventual replacement of the revenue meters, flow meters, at each of
the locations where LRWWU receives flow from the outside communities. The collection system
renewal program is about $34 million.

3.4 LTCP Improvements

In 2005, LRWWU proposed to proceed with a CSO reduction plan that incorporated sewer separation
of portions of the combined sewer area, improvements to diversion stations to allow in-line storage
and interceptor optimization, WWTF improvements at Duck Island to increase wet weather treatment
apacity, development of an active high flow management program using an comprehensive SCADA
system, and sewer rehabilitation/replacement, along with inflow removal, to reduce extraneous flow
in the system.

Sewer Separation and Inflow Removal

Table 3-2 summarizes the extent of sewer separation that has been completed by LRWWU in multiple
construction contracts as a total of $58 million over from 2002 to 2012. A total of about 1,050 acres

CDM
Smith 3-6

£2-97319



g

were separated by LRWWU, which represents a 20 percent reduction of the combined sewer area
existing in 2005. The separation program included extensive system improvements including 80,700
feet (15 miles) of new drain, and about 46,000 linear feet (8.7 miles) of existing sewer that was either
rehabilitated by CIPP lining or replacement entirely (due to adverse pipe conditions). Rehabilitation
of the sewer system updated about 10 percent of the existing sewers and about 20 percent of the
pipes older than 50 years old.

During the program, more than 2,200 property investigations were completed in the sewer separation
areas. As new drains were installed, LRWWU disconnected existing drain connections to the sewer
system and provided sump pumps to property owners directly connected to the sewer system. This
avoided systemic problems with some property owners draining basements of groundwater by
opening sewer cleanouts that were at floor level. LRWWU tried several approaches to inflow removal,
including “splash” solutions outside the home, to balance the costs of inflow removal with a more )
permanent solution. Eventually, LRWWU adopted a practice to connect sump pumps, roof leaders,
and yard drains to the sewer, to the extent possible, to avoid future sewer reconnections. This
extensive sewer inflow removal program has increased the effectiveness of the sewer separation
program system-wide.

The first two projects, Varnum/Laplume/West Meadow Street and Sixth and Emery were completed
in the drainage area tributary to the Beaver CSO Station. Two new drainage outfalls were installed for
these projects. Private properties were investigated during these program based on house-to-house
surveys that were distributed to buildings. Eight sump pumps were removed in the program. Table 2-
2 summarizes the approximate extraneous flow removed during this program from both sump pump
removals and pipe rehabilitation/replacement. In the Sixth and Emery project, one building roof
connections from a private school and six UMass Lowell building and three UMass Lowell parking lots
were disconnected from the sewer system. The inflow removed from these sources was not included
in Table 3-2.

The next three projects (Weed/Wellman/Lincoln West Parts | and II/Gorham South and Sewer Areas
24/25) were completed in the drainage area tributary to the Warren CSO Station. These projects
resulted in a significant reduction in the overall combined sewer area, comprehensive sewer
rehabilitation, and finished inflow removal and sewer rehabilitation in a partially separated area
(Sewer Areas 24/25). Two new large diameter drain outfalls were installed as part of this project.
During these projects, the city formulated a more aggressive inflow removal program targeted to
removing the home owner practice of draining groundwater in basements into the sewer. This
yielded many more property inspections and the installation of a significant amount of sump pumps
and roof leader redirections. Table 3-2 shows the estimated inflow removed based on the number of
sump pumps installed in this area.

The last sewer separation project was completed in two separate areas. The Cabot Street portion of
the project separated about 70 acres in the Tilden CSO Station drainage area. This work included
separation of several more UMass Lowell and private building roof connections. There were no sump
pumps in this area to be removed from the sewer system. The Third and Ellis portion of the project
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was completed in the Beaver CSO Station drainage area. This completed separation of a partially
separated area of about 80 acres. No inflow sources were identified in this area.

Overall, the sewer separation program resulted in the removal of a significant volume of public inflow
from the city’s catch basins and private inflow from roof leaders, yard drains, private catch basins, and
sump pumps, along with infiltration that was removed with the comprehensive sewer system
rehabilitation program.

3.4.2 Duck Island WWTF Improvements

The Duck Island WWTF facility was originally constructed in the late 1970s, more than 40 years ago
and much of is equipment was aging to the point that maintenance costs and problematic operation
were vastly outweighing the cost of comprehensive rehabilitation. Accordingly, LRWWU initiated the
evaluation of existing infrastructure and development of its capital improvements program (discussed
above).

Table 3-3 summarizes the various design and construction projects that have been completed to
update the Duck Island facilities. To-date, about $43 million has been spent on upgrading the process
and the facilities, all targeted to increase the dependability of operations, especially during wet
weather conditions. Some of the largest projects undertaken at the WWTF were focused on
rehabilitating critical processes/equipment to maximize wet weather treatment capacity to reduce
CSO discharges. The improvements process has been comprehensive, based on the CIP, to address
odors issues at the plant, provide dependable influent pumping and dependable power supply and
electrical distribution, install dependable solids handling, and to enhance the secondary treatment
(aerated sludge) process. There are several process areas of the plant that still require upgrading and
these are presented in the CIP (Section 3.3) and include critical areas like the installation of
permanent centrifuges, the rehabilitation of the primary and secondary clarifiers and solids handling
equipment, final electrical distribution upgrades, and rehabilitation of the finished water pumps and
effluent/diffuser pipe, and other less critical areas, like tunnel ventilation, continued
SCADA/instrumentation improvements, maintenance management system deployment, and general
housekeeping to remove abandoned equipment throughout the plant.

The USEPA has suggested that future NPDES permit renewals may decrease the effluent permit limits
to achieve some level of nutrient or metals removal. This future effluent permit condition will require
significant study and cost improvements to enhance a treatment process on a very tight site.

This space left intentionally blank
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Table 3-3
Summary of Duck Island WWTF Improvements

Approximate Approximate

Construction Contract Dates Process/Equipment Addressed Project Cost
Aeration System 2000-2003 e Aeration System Improvements $6.5 million
Upgrades e RAS/WAS Pump System
e RAS/WAS Lines
e Disinfection System Replacement

Beaver 2003-2005 e Primary Clarifier Solids Grit Removal $1.0 million
Brook/Read/WWTP Grit System Replacement

Modifications

Gravity Thickener 2007-2008 e Two GT Rehabilitated $1.8 million
Upgrades

Contract 1B-01 2008-2011 e Odor Control System Rehabilitation $14.0 million

e WWTF Plant-Wide Power Supply and
Electrical System Upgrades

e Septage Receiving Improvements

e Solids Handling Improvements
(Secondary Solids Thickening)

Contract 1B-02 2009-2012 e Influent Pumping Station $17.0 million
Rehabilitation (Screw Pumps, Screens
and Odor Control)

e Aeration System Enhancements

e Aeration Blower Replacement

e Administration Building Modifications

e Site Improvements (access, parking,
pervious pavements, green roofs, and
retention areas)

e Renewable Energy Technologies
(solar walls and solar arrays)

Contract 1B-03 2011-2013 e Hauled Waste Storage System $2.5 million

e Electrical System Upgrades

e Disinfection System Metering Pump
upgrades

TOTAL | $42.8 million
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3.4.3 €S0 Diversion Station Improvements

Under the Phase I program, five CSO stations were upgraded to install new flow control gates and gate
controls to implement the interceptor optimization program. During these upgrades, facility
equipment was also upgraded, where necessary, to provide dependable operation. Other
improvements were completed to address safety and odor issues. Table 3-4 summarizes the
modifications made to each station.

These improvements were completed in several stages in bid construction contracts, via engineering
consulting contracts, and self-performed by the utility itself. Some of the changes were driven by
LRWWU's continued use of increasingly sophisticated gate controls and the development of the High
Flow Management Program (discussed in Section 3.5), which required additional controls and
monitoring. Overall, the Diversion Station Improvements program has cost about $7 million.

Table 3-4
Summary of CSO Diversion Station Improvements

CSO Station Improvements
Beaver e Two new influent flow gates, actuators, and other gate
rehabilitation and controls
Merrimack e New influent control gate, actuators, and controls

e Three new gravity outfall gates, actuators, and controls
e Odor control system and channel covers in wet area

Read e New larger diameter (30-inch) interceptor connection pipe
® New diversion weir and tideflex outfall gate
Tilden e New influent and gravity diversion gates, actuators and controls

e Odor control system and channel covers in wet area

e Lighting and safety improvements in wet area

Warren ¢ New influent and gravity diversion gates, actuators, and controls
e New channel screen upstream of siphons

e Odor control system and channel covers in wet area

e Lighting and safety improvements in wet area

3.5 High Flow Management Plan and Wet Weather Operations

Historically, LRWWU used to operate their CSO stations manually, requiring operators to drive to each
station to open and close the CSO outfall gates. The Phase | LTCP identified the potential CSO capture
that could be achieved if LRWWU was operate its interceptor system more systematically using
instrumentation to store flow in the interceptor pipes before CSOs are discharged. Accordingly, over
the last ten years, LRWWU has spent considerable effort to develop a high flow management plan that
relies on real-time automated control of the flow control and CSO diversion gates at most of the CSO
stations. This effort required several initiatives to identify the right equipment at each station to
operate the control gates, to measure depths and flows, and to adjust automatic gate operations.
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The result of the program is that LRWWU has achieved a very high degree of real-time control of flow
in its combined sewer interceptor system and is fully utilizing the capacity of the interceptor pipe
system for storage of wet weather flows using existing infrastructure. LRWWU has identified one final
interceptor (the Read Interceptor) where, with the addition of a future new control structure, it could
fully utilize storage capacity in the interceptor pipes.

3.5.1 Instrumentation and SCADA Development

Gates used to be powered by pneumatic-oil systems that became problematic and messy. For a period
of time, LRWWU adopted the use of electric actuators for the gates. Although this approach
eliminated the use of the messy oil system, the electric gates could not be modulated easy or
responsively to rapidly changing flow conditions to achieve the higher degree of control that LRWWU
sought in its wet weather operations. Later, LRWWU adopted the use of REXA actuators, an electro-
hydraulic actuator at some stations that combined the use of an oil system in a self-contained actuator
that didn’t require the pump and accumulator of the typical pneumatic oil system. However, where
feasible, LRWWU has updated and maintain the oil systems at some stations.

The deployment of instrumentation and measurement/control devices has also gone through a similar
evolution as LRWWU has learned more about available technologies, new technologies have become
available, and software has changed. LRWWU has optimized its SCADA system over the years using in-
house staff and engineering consultants. Each CSO station (with the exception of First Street) has its
own local programmable logic controller (PLC) to collect and monitor flow depths through the station,
collect flow information at the diversions, and to control flow gates and pumps (with the exception of
Walker and Read CSO Stations). Local control at most stations is also guided by what is happening
within the existing system during any storm event. Either SCADA control software at the Duck Island
WWTF or the WWTF Operators can make changes to flow control gates at each of the CSO stations to
optimize flow capture across the system.

3.5.2 Flow Measurements

As discussed in section 2, there are a variety of methods that LRWWU uses at each CSO station to
measure and estimate flow data including computations from flow over a weir (or over a downward
opening gate), through an orifice (gate opening), past a mag meter, or through a parshall flume. In
each of these situations, LRWWU has tried to confirm its computations by performing temporary
metering adjacent to, or upstream and downstream of, the metering point in question. Adjustments to
flow computations were made based on the temporary metering as necessary.

flow depth measurements are critical at every station since control of the interceptor control gates,
flow control gates, and diversion gates in every station are managed by these flow depth devices.
LIRWWLU has evaluated the applicability of the location of each of these devices using temporary
meters and based on a review of wet weather data to make sure that operations are optimized and
iccurate,

In addition, LRWWU completed a program that improved the flow measurements along the secondary
bypass at the Duck Island WWTF. LRWWU examined the past measurements and device location, and
determined that a more optimal device location was appropriate to improve the accuracy of the flow
wmputations. This change has been implemented.
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3.5.3 Interceptor Level Monitoring Program

As part of its high flow management program development, LRWWU deployed a set of interceptor
level monitors at ten locations for a year to collect data during wet weather conditions. This program
was performed to confirm the actual hydraulic conditions that occurred in the interceptor upstream of
each CSO control station while being operated to maximize in-line storage. This program gave the
operators a better confidence level that automated operations could work without impacting the
sewer system and causing excessive surcharge. Depth profiles of the pipe were created for many
storm events to figuratively show the actual hydraulic profiles of the pipe and its surrounding sewer
connections. This program also assisted the operators and engineering staff to refine automatic
operations so that additional storage potential was realized by further system surcharge (knowing
that it would not impact adjacent services).

Along with the flow monitoring program, LRWWU completed a full topographic survey of the
interceptor piping system to confirm as-built drawings of the pipe inverts and rims.

3.5.4 Development of High Flow Management Plan

From 2009 to 2011, LRWWU undertook a very exhaustive approach to developing, optimizing, and
documenting its high flow management program for the combined sewer system. The high flow
management plan integrated the system-wide control and flow monitoring devices with Duck Island
WWTF operations to ensure that the maximum amount of flow was conveyed to Duck Island and flow
was captured in the interceptor piping system before any CSOs were discharged. The plan is flexible
to account for changing weather conditions (variably rainfall and spatially distributed rainfall), high
river conditions (which impact the capability to gravity discharge at some CSO stations), and
operating conditions at the WWTF.

For more than a year, data from each storm and the interceptor system response was individually
collected and catalogue for discrete analyses. Local hydraulic profiles were created at each station to
show the various HGLS running through the system for the set of storm conditions. Engineering staff
and engineering consultants met periodically to review each batch of storm conditions and system
response data to determine if there were any feasible adjustment to the control setpoints to improve
the operation of each station control gate(s) and CSO diversion gates to capture more flow. Upstream
conditions along the pipe and sensitive receptors (that might be impacted by sewer surcharging) were
confirmed using topographic maps and the interceptor level monitoring data (see section 3.5.3).

Periodically, this data, analysis, and set point adjustments were discussed with the WWTF operators
in a workshop to gain their understanding of system response and to help obtain their involvement in
optimizing system operations during their shifts.

Ultimately, a High Flow Management Protocol (decision flow chart) and a detailed set of Wet Weather
Operations Procedures were developed based on this effort. The High Flow Management Plan was
submitted to the agencies on March 1, 2011. LRWWU considers this a “living document” and continues
to periodically assess its performance based on a review of the flow and control data for individual
storm events and trends data to ensure that measurement and control devices are properly
maintained.

cCDMm
Sk 3-13

0552-97319



T

3.6 MS4 Compliance

As an operator of a municipal separate sanitary storm sewer (MS4), the city of Lowell completed its
Notice of Intent for its Phase Il NPDES General Stormwater Permit in 2001. The program included the
city’s proposed program to meet the six minimum control measures to address stormwater
management including mapping, outfall inventories, public education, and system housekeeping.
LRWWU has assumed general responsibility for the maintenance of this program and has submitted
annual reports on the city’s compliance progress. The city maintains its performance of the six
minimum control measures to satisfactorily meet the objectives of the general stormwater permit.

[n 2004, LRWWU completed a comprehensive inventory of the stormwater outfalls by field
inspections of all the receiving water body banks. Photos and logs of each inspection were collected
and compiled into a single binder. Sampling of dry-weather flow in outfalls was conducted and this
indicated several outfalls with potential illicit connections. The city investigated these outfall piping
systems and removed any illicit connections. Since this first inventory, the city has periodically,
performed field inspections of the outfalls and collected samples of any dry weather flow. LRWWU
estimates that each outfall is inspected on a rotating five year basis. Any dry weather samples that
indicate the potential presence of an illicit connection are investigated immediately and illicit
connections that are removed are documented in the annual reports.

The annual cost of the existing MS4 stormwater compliance program has been about $300,000.

3.7 CMOM Compliance

In accordance with its Administrative Order dated September 2010, LRWWU has completed the
requisite assessments of its CMOM program, identified deficiencies, and is working to address those
deficiencies and complete enhancements to its program. CMOM activities are documented in annual
reports to the agencies including assessments of budgets, staff, and SSO reporting.

LRWWU immediately responds to and reports on each sanitary sewer overflow. The overflow
conditions are documented and a capacity assessment is made to determine the cause of the overflow
if it appears related to the public sewer system. LRWWU is reviewing its emergency response plan to
fully document its SSO response procedures.

LRWWU has also developed a very comprehensive GIS system to document its sewer piping system.
The GIS is continually maintained and updated by notations made by field staff based on their
inspections and during the course of regulator field operations.

LRWWU performs a very aggressive program of inspection and rehabilitation of its collection system.
As documented above, a significant amount of the collection system has been inspected, and
rehabilitated as part of the sewer separation program. LRWWU'’s purchase of a closed circuit
television camera truck has allowed the utility to perform its own inspections of sewers on a regular
basis, continuing the assessment work that was started with the sewer separation program. LRWWU’s
goal is to perform 5 miles of cleaning and TV inspection each year. It is estimated that about 600,000
inear feet (113 miles) of sewer pipe has been inspected since 2005. This represents more than 50
percent of the collection system. The TV tapes are catalogued in an electronic repository and are
available for comparison to future taping at any time to identify any pipe deficiencies that might occur
over time.

(DM
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Itis important to note that TV inspection typically requires the full cleaning of the pipe; thus,
approximately 40 percent of the sewer system has also been cleaned within the last ten years. Heavy
cleaning is performed by a dedicated subcontractor.

LRWWU has also engaged separate contractors to assist them in either lining or replacing deficient
sewer pipe as it is identified by TV inspections. It is estimated that LRWWU has completed about
16,000 linear feet of pipe replacement, which consist segment point repairs/ replacements from
sewer manhole to manhole. In addition, LRWWU has completed the lining of more than 13,000 linear
feet of deficient sewer identified based on the TV tapes.

LRWWU has spent more than $10 million over the last eight years on sewer system inspections, pipe
replacement, and pipe rehabilitation (pipe relining).

3.8 Phase | Results

Table 3-5 shows the results of these programs with regard to CSO reductions over the years. In
addition, LRWWU has shown positive results in its baseline flows at the Duck Island WWTF as the
running annual average flow rate is about 26 MGD, which is significantly lower than the reported
average of 30 MGD reported ten years ago.

Yearly CSO discharges are a function of the rainfall per year but the trend of CSO reduction is
exceptionally good from nearly 1 billion gallons per year to 200 million gallons per year, an 80-
percent reduction.

Table 3-5
Summary of Annual CSO Discharges (million gallons)

0 0

Ba d Broo a Re z @ OTA
2005 g3 40 96 0.17 48 30 466 190 952
2006 44 132 151 0.2 85 67 303 143 927
2007 22 52 81 1 59 11 216 15 456
2008 27 23 69 3 62 30 343 282 839
2009 7 18 53 0.02 38 11 143 55 325
2010 18 105 232 0 31 9 211 993 1598
2011 22 11 109 0] 28 3 42 74 290
2012 8 3 42 0 12 3 20 36 125
2013 14 8 56 0 21 7 48 45 200

Note: In2010, LRWWU was completing improvements to its screw pumps at the influent pumping station at Duck
Island and influent capacity was restricted during wet weather events,
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Section 4

Collectio'n”Sy'stem Model and Baseline Conditions

4.1 Introduction

The Lowell SWMM collection system model (model) was redeveloped and updated from the previous
model calibrated for the February 2002 Revised Draft CSO LTCP, as part of this LTCP update, to
develop baseline conditions for the existing system. A flow metering program was conducted in the
city from April through September 2012 to provide rainfall and flow data to update the model’s
calibration. The model is used as the basis for projecting design flow conditions and to develop and
evaluate alternatives to meet the goals of the LTCP. A model is a valuable tool in evaluating
alternatives under design storm conditions but its predictive capability is dependent on the quality
and the variety of storm conditions captured during the monitoring program. Accordingly, it is always
a good practice to continuously update SWMM models with additional flow and level monitoring data
to better reflect field conditions for a range of wet weather event.

4.2 Flow Metering Program

The flow metering program included installation of temporary meters at 24 sites throughout the city
from April 19 to September 23, 2012. A temporary rain gauge was located near the Walker CSO
Station. Groundwater gauges were installed at three of the 24 metering sites. Metering locations are
described in the model calibration memorandum included in Appendix B. A schematic and map of the
metering network and CSO regulators is shown in Figure 4-1 and Figure 4-2, respectively.

Twenty-one storms with precipitation greater than 0.2 inches occurred during the flow monitoring
period, as summarized in Table 4-1. Nine of these storms occurred during the spring and ranged from
less than 2-week to 1-year average recurrence interval (ARI). The twelve storms that occurred during
the summer were generally smaller, ranging from less than 2-week to 3-month ARI. Further analysis
of rainfall data collected during the metering period and used for model calibration is presented in
Appendix B.

4.3 Model Background

Computer models facilitate analysis of the complex hydraulic response of a combined sewer system
(CSS) during wet weather. Models also help engineers assess the benefits of proposed system
modifications to reduce CSO. As in prior modeling for Lowell’s collection system, the EPA Storm
Water Management Model (SWMM) was used to dynamically simulate sanitary wastewater flow,
stormwater runoff, and the conveyance hydraulics of the wastewater collection system.
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Table 4-1 Wet Weather Events

Peak Hour Intensity Recurrence

Depth (in)  Duration (hr) (in/hr) Interval’

04/22/2012 08:45 2.62 33 0.34 1-year
09/04/2012 06:00 1.65 26 0.97 3-month
05/09/2012 18:45 1.24 20 0.20 2-month
06/02/2012 06:30 1.12 19 0.29 1-month
08/11/2012 08:15 0.92 10 0.76 1-month
05/01/2012 04:45 0.74 10 0.16 1-month
06/13/2012 00:30 0.74 13 0.11 1-month
06/25/2012 10:15 0.62 4 0.30 1-month
08/15/2012 23:30 0.57 9 0.24 1-month
05/22/2012 04:00 0.53 17 0.13 2-week
07/18/2012 13:30 0.50 1 0.50 3-month
05/15/2012 13:45 0.40 10 0.19 2-week
09/18/2012 18:15 0.38 9 0.30 2-week
05/08/2012 05:30 0.35 18 0.07 2-week
06/23/2012 16:15 0.35 2 0.33 2-week
07/04/2012 04:45 0.33 4 0.16 2-week
08/17/2012 21:45 0.32 3 0.27 2-week
06/04/2012 01:45 0.31 25 0.06 < 2-week
08/28/2012 06:15 0.31 4 0.24 2-week
08/15/2012 07:45 0.29 2 0.24 2-week
07/28/2012 16:45 0.26 6 0.07 2-week

'Based on total depth and total duration of event

SWMM was first developed in 1971 and has undergone several major upgrades. It is widely used for
planning, analysis, and design of stormwater combined, and sanitary sewers. The model utilizes
rainfall-runoff characteristics for subcatchment areas within a sewershed or watershed, and routes
water through a piping system. It can simulate a wide variety of conduit types, diversion structures,
weirs, and pumps. The model dynamically simulates hydraulic grade lines (HGLs), using dynamic
wave routing, allowing it to compute free-flowing or surcharged conditions over an extended period
of time.

SWMM 4 was used to develop Lowell’s original CSS model, as described in Appendix B of the 2002
Revised Draft Long-Term CSO Control Plan/Draft Environmental Impact Report (EOEA #12059).
SWMM has been significantly updated since 2002; thus, the SWMM 5 (version 5.22) was used to
develop the updated model of the city’s system presented here.
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4.4 Model Updates

The original CSS model was updated to reflect existing conditions (based on the significant number of
system improvements completed by LRWWU during the Phase | LTCP program, as discussed in
Section 3) and to refine the model configuration in high priority areas of the system. Pipes with a
42-inch or larger diameter were included, along with smaller pipes included in the 2012 metering
program, or otherwise judged important components of the system. The model pipe network was
extended to include the following:

* Interceptor along Marginal Street and Pawtucket Canal, extending from Walker Interceptor to
Warren CSO station;

* Additional pipes upstream of Warren CSO station to Stevens Street and Billerica Street;

* Additional pipes upstream of West CSO station to refine the representation of flows from
Dracut, including stormwater flows from Humphrey’s Brook, Hovey Field, and the Billings
Street wetland;

Additional pipes upstream of Tilden CSO station to Broadway Street and Market Street; and

= Additional pipes upstream of Barasford CSO station to the Wentworth Avenue and Douglas
Road area.

Other model updates include:

* Refined subcatchment area delineations considering topography, sewer connectivity, and
existing combined areas;

« Updated system imperviousness using MassGIS (published in 2009 from data collected in
2005);

* Updated soil properties assigned to subcatchment areas based on typical values used in other
urban collection system models in New England;

= Updated invert and manhole rim elevations based on 2012 interceptor drawings (CDM Smith),
LiDAR data, and Lowell sewer system maps;

*  More detailed representation of CSO stations (gates, weirs, channels, and pumps) based on
schematics from the city’s High Flow Management Plan (HFMP) and available drawings for each
station;

= Rules for gate operations at the CSO stations based on the city’s HFMP and station operating
manuals, as programmed in the city’s SCADA system;

¢ Integration of SWMM's groundwater component to refine seasonal variation of infiltration for
long-term simulations; and

*  Representation of the Merrimack River, Concord River, and Beaver Brook to refine stage
boundary conditions at CSO outfalls and allow for more accurate representation of the effect of
tailwater conditions on collection system hydraulics. River cross-sections were obtained from
the Merrimack River hydraulic model used for the 2004 Corps of Engineers Merrimack River
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Watershed Assessment Study and recent Upper Merrimack River Study. Flow records for the
Merrimack River at Lowell (USGS 01100000) were used and scaled based on watershed area to
represent flow in the Concord River and Beaver Brook.

The updated model includes the nine CSO stations, 350 conduits, and 200 subcatchments. The
subcatchments include 3,700 acres of combined sewer area and 4,200 acres of separated sewer area,
totaling 7,900 acres within the city. The model pipe network and subcatchments are shown in Figures
4-3 and 4-4, respectively.

4.5 Model Calibration and Validation

The updated sewer model was calibrated to dry weather and wet weather based on data collected
during the 2012 flow metering program. LRWWU provided WWTF flow data at 15-minute intervals
for the calibration period and at daily intervals for 2010 through 2012. LRWWU also provided
15-minute data from their SCADA system for flow, depth, and gate operations at the CSO stations. The
model was then validated to the depth and flow data from the SCADA system for the 2012 year.

LRWWU maintains a rainfall gauge at the Warren CSO station that records at 15-minute intervals.
Cumulative rainfall at Warren station was compared with National Weather Service COOP observers
at Hanscom Field, Lawrence, MA, and Hudson, NH for the calibration period. As the Warren gauge
closely tracked the other gauges, it was used for calibration. The model was adjusted to minimize
differences between observed and simulated timing of peaks, peak flow, velocity, volume, and depth at
each metered location. Model calibration and validation are discussed in a technical memorandum
included as Appendix B.

4.5.1 Dry Weather Calibration

Dry weather flow includes diurnally varied sanitary flow along with infiltration from groundwater.
Groundwater levels and pipe infiltration were directly simulated using SWMM'’s groundwater
simulation component. Initial groundwater and aquifer parameters were based on typical values used
in other urban collection system models in New England and then were adjusted to match long-term
seasonal groundwater trends observed in the WWTF flow data. Average sanitary flow during dry
weather was estimated at each temporary meter location from conditions observed over a seven-day
dry period from August 19-25, 2012. Estimated flow contributions from Tyngsboro, Tewksbury,
Dracut, and Chelmsford were subtracted from temporary meter flows to allocate flows within Lowell
and for each outside community. Hourly and daily patterns were developed from the metering and
WWTF flow data and applied to the average sanitary flows,
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manning’s coefficient along this pipe to reflect the temporary root ball helped in the calibration of this
pipe segment.

Following calibration to the August dry weather period, model results were also compared to data
from a dry weather period from May 17-21, 2012. Dry weather calibration plots for the temporary
meters and depth sensors at the CSO0 stations are included in Appendix B. Overall, 3 good dry weather
calibration was achieved,

analyses.
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4.5.3 Mode] Validation
Groundwater Infiltration

simulating exact set points used in the control logic for gate operations. With additiona] flow and leve]
monitoring, the mode can be continuously refined to increase its effectiveness as a tool in
determining the system benefits of completed projects during design storm conditions as LRWWU
makes progress towards red ucing their CSO discha rges.

Annual Average WWTE Flow

Based on continuouys simulation of a five-year representative period using precipitation data from
2005 to 2009, annual flow at the WWTF averages 29 to 33 mgd, with an overall average of 30 mgd
(Appendix B). These results are similar to the existing reported average flow rate at the WWTF, which
is approximately 28 mgd.

July 2013 Storm
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Based on the overall calibration and validation simulations performed, the model is considered
calibrated for the field data that was collected and can be used for conceptual assessment of the

additional flow and leve] monitoring to refine the model will be very beneficial to simulate wet
weather impacts in planned project areas during design storm conditions.

4.6 Model Projections

design events used here are measured storms, their corresponding CSO volumes are more closely
aligned with CSO at the corresponding recurrence interval, and correlate well with results from the
long term simulations,

simulations based on the updated model are summarized in Table 4-2. System-wide CSO ranges from
14 MG for the 3-month event to 180 MG for the five-year event.

4.6.2 Long-term Simulations

Average Annual CSO Projections
Continuous simulation of a five-year representative period from 2005 to 2009 was completed to

calibration with 2012 flow data.

Estimated Percent Capture
The five-year baseline simulation was also analyzed to compute percent capture for the existing sewer
system. Percent capture was characterized by the following equation:

Percent Capture =1 - (CSO Discharged Flow/ Total Wet Weather F low)

Total wet weather flow was computed as the sum of CSO discharges and total flow at the WWTF
during wet weather, including dry weather flow and groundwater base flow. The total flow
contribution from Chelmsford, Dracut, Tewksbury, and Tyngsboro was subtracted from the total
WWTF flow. The duration of wet weather was estimated by comparing dry weather flow with total
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flows entering the sewer system. Analysis showed that flows enteri ng the system were 10 percent or
higher than dry weather levels 7.5 percent of the time. This yields an average annual wet-weather
duration of 27 days.

Based on calculations using the five-year continuous simulation for existing conditions, wet weather
percent capture for the system is 87 percent. In the 2002 LTCP report, Capture was estimated to be 88
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>ection 5

Water Qual}_ty “C”)bjectives

5.1 Introduction

All discharges to the waters within the Commonwealth of Massachusetts should meet the

these designated uses.

When it rains, pollutant loads from surface water runoff are discharged to receiving waters from both
point and non-point sources, Non-point sources are difficult to identify, quantify, and control, but

focus. However, point source loads - such as stormwater drain outfalls and CSO outfalls - can be
located and are more easily characterized. Thus, point source loads receive more regulatory attention.
The USEPA administers these point source discharges via the NPDES permit program. The Duck
Island WWTF and CSO outfalls each have a unique NPDES permit number while the city’s stormwater
outfalls are covered under a blanket general permit as part of the Phase II Stormwater NPDES
program.

of the brook at the Merrimack River; thus, this discharge is essentially into the Merrimack River.
There are no known recreational uses of the brook in this segment.

Both federal and state agencies recognize that compliance with state quality standards for CSO
discharges is costly. Accordingly, both governments have developed separate, but similar, CSO control
policies to guide the abatement of CSO discharges given the technical, social, and economic challenges
for each community.
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the proceeding sections).

5.2 USEPA CSO Policy

Under the federal CSQ policy, CSO discharges are subject to both the technology-based and water
quality based requirements. The CSO Control Policy, issued in April 1994 provides the EPA guidance
for controlling CSOs. A two-part approach to CSQ control is incorporated into the policy: (1) the

development and implementation of an LTCP provided the implementation of the NMCs are not

adequate on their own to meet state water quality standards.

5.2.1 Nine Minimum Controls

The minimum technology-based controls are the nine
minimum controls (NMCs). The CSO Control Policy
required all communities to implement the NMCs by
January 1997,

Lowell’s compliance with the NMCs was detailed ina
previous CDM report entitled “City of Lowell,
Massachusetts Report on Nine Minimum Control
Measures” dated April 1998. To date, the city has acted on
or fully implemented each of the recommendations made
in that 1998 report,

5.2.2 Long-term Control Plans

|
The NPDES entity (EPA Region 1 in the case of Lowell) f
determines whether the NMCs satisfy the technology- L
based requirements of the CWA. If further controls are

necessary to meet water quality standards, then the N PDES a

a Long-Term Control Plan (LTCP).

_-...._...,..__-__‘-__.‘_.-——-___._-_._,.—__..

Nine Minimum Control Measures:
1. Monitoring to characterize CSO impacts and the
efficacy of CSO controls.

2. Proper operation and regular maintenance
programs for the sewer system and the CSQs

3. Maximum use of the collection system for
storage

4. Review and maodification of pretreatment
requirements to minimize CSO impacts

5. Maximize flow to the POTW for treatment

6. Prohibition of dry-weather CSOs

7. Control of solid and floatable materials in CS0s
8. Pollution prevention programs

9. Public notification of CSO occurrences/impacts.

uthority will require the development of

include a schedule for WQS reviews. To date, however, only a draft TMDL hag been developed for the
Merrimack, Concord River, and Beaver Brook, and no final TMDL is in place for either receiving water

to define all point and hon-point sources of pollution.

of the water quality and uses over a reasonable period of tim

The EPA CSO Contro] Policy presents two alternatives to sele

e,

cting long term control plans for CSO’s:

the "presumptive approach" and the "demonstrative approach”,
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5.2.2.1 Presumptive Approach

® No more than an average of 4 overflow events per year;

*  Elimination or the Capture of no less than 85% by volume of the combined sewage collected in
the combined sewer system during precipitation events on a system-wide annual average basis;
or

Per year or captures 85% of their flow, and instream water quality standards are stil] being exceeded,
then further CSO controls are needed.

5.2.2.2 Demonstrative Approach

® (SO control program will protect water quality standards unless the standard cannot be metas
aresult of natural conditions or other pollution sources;

= Overflows remaining after implementation of the control program will not prevent the
attainment of water quality standards;

5.3 Massachusetts Policy for Abatement of CsOs

In August of 1997, the Commonwealth issued jts own CSO Control policy. This policy is similar to the
EPA policy in many ways, but also has several significant differences,

Smith
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States are required to develop water quality standards applicable to their water bodies. While EPA
reviews and approves these standards, the establishment of the standard is the responsibility of the
state. In Massachusetts, any NPDES permit for a CSO discharge must comply with Massachusetts
Surface Water Quality Standards (314 CMR 4.00). Massachusetts has chosen to designate all waters in
the state as fishable and swimmable. For freshwater, all water bodies were originally designated as
either Class A (drinking water source) or Class B (swimmable). For marine waters, all water bodies
are either Class SA (shellfish) or Class SB (shelifish restricted).

Massachusetts's regulatory options for CSO control are implemented through different water body
classifications, as follows:

® Class BorSB - No discharges are allowed that impact WQS (such as untreated CSO dischargers).

* Variance - CSOs may remain under a short-term modification of water quality standards.
Currently, portions of the Charles River have a variance while studies are underway to
determine the final designation. Also, GLSD located downstream of Lowell will be requesting a
variance as part of their Phase [ CSO LTCP.

® Partial Use Designation - CSOs may remain with moderate impacts resulting in impairment of
water quality goals. Moderate impacts are defined as short-term impairments and water quality
standards would be met 75 percent of the time,

* Class C - Where the State is certain that the CSOs will prevent the attainment of national use
goals more than 75 percent of the time, the water body is classified as Class C.

Under the Massachusetts program, one permanent solution to CSQ control, besides river
reclassification to BCSO of the water body, is the complete elimination of the CSQO discharge. This has

Attainability Analyses (UAA). In order to permanently reclassify the receiving waters, the UAA must
show that one of the following conditions exists:

CDm 5-4
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Impossible to determine without

" Aftainability of i
national goal use standards
L additional WaQ Information

i Variance issued for CSO

| discharges to sagment until
| further WQ information s
1 developed*

i
. | I I ] R
| Recommended CSO Controls Recommended CSO Controis Recommended CSO controls Recommended CSO controls
| maet national goal use standards maet national goal use standards mest national goal use standards mest national goal use standards
| at all times (CSO elimination) =05 % of time* =75%, but <85% of time® =75% of time*

|

| L
|

Use Attainability Analysis (UAA) | ! Use Attainability Analysis (UAA) ,

|

] AB or SA SB submitted to and approved by |
as appropriate EPA | EPA |

|

!

|
Public Notice and Public
Hearing pursuant to MGL

"Public notice In Environmantal T b
Monitor noticing pending Hearing pursuant to M GL
designation as B/ICSO €. 30 regarding panding €. 30 regarding pending

submitted to and approved by submitted to Eagg approved by

[ Sepment (re)ciassified as , Ee Attainabillty Analysis (UAA)

downgrade to B/partial downgrade to C

] Segment noted as B/CSO Reclassify segment as Reclassify segment as
| or S&/C80 in WQs Bfpartial or SB/partial c

| NPDES Permit issued for
| CSOdischarges

~Public Notice and PubﬁE"_l

*One of the criteria of 314 CMR 4.03(4) must be met

Figure 5-1
CSO Controls - WQS Coordination

2. Dams, diversions or other types of hydrologic modifications preclude the attainment of the
use, and it is not feasible to restore the water body to its original condition or to operate
such modification in a way that would result in the attainment of the use; or

3. Naturally occurring pollutant concentrations prevent the attainment of the use; or natural,
ephemeral, intermittent or low flow conditions or water levels prevent the attainment of
the use, unless these conditions may be compensated for by the discharge of sufficient
volume of effluent discharges without violating state water conservation requirements to
enable uses to be met; or

4. Physical conditions related to the natural features of the water body, such as the lack of a
proper substrate, cover, flow, depth, pools, riffles, and the like, unrelated to water quality,
preclude attainmient of aquatic life protection uses; or

5. Controls more stringent than those required by sections 310(b) and 306 of the Act would
result in substantial and widespread economic and social impact.

According to DEP policies, the justification for a variance, which are temporary rather than permanent
suspensions of the designated uses, involve the same substantive requirements as a change in use
although the evaluation needed are less rigorous. As discussed later in this report, reasons 1 and 2
stated above may be applicable to the Merrimack River, Concord River and Beaver Brook,
respectively, and may warrant a variance from their intended uses.
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5.4 River Classification and Uses

5.4.1 Classification

All water bodies, streams, rivers, ponds, lakes, and coastal areas in the state are classified in the
Massachusetts Surface WQS 314 CMR 4.00 (December 2013). These standards designate uses of the

waters such as water supply or shellfishing. To protect the designated uses, the MADEP prescribes the
minimum water quality criteria required to sustain the designated uses.

The Merrimack River from the Rourke Bridge (Wood Street, above all of the CSOs) in Lowell to the
ocean at Salisbury, the lower segment of Beaver Brook and the lower segment of the Concord River
are the receiving waters for this study, see Figure 5-2 and 5-3. These river segments are designated as
shown in Table 5-1. The Merrimack from Lowell to Haverhill and the lower segment of the Concord
River are both Class B, with a designated use of warm water fisheries. The lower segment of Beaver
Brook is Class B, with a designated use of cold water fisheries. The Class B designation also includes
other uses, defined as:

Class B - These waters are designated as a habitat for fish, other aquatic life, and wildlife, including for
their reproduction, migration, growth and other critical Jfunctions, and for primary and secondary contact
recreation. Where designated in 314 CMR 4.06, they shall be suitable as a source of public water supply
with appropriate treatment (“Treated Water Supply’). Class B waters shall be suitable forirrigation and
other agricultural uses and for compatible industrial cooling and process uses. These waters shall have

consistently good aesthetic value.

The Merrimack River is Class B from the Haverhill city line to the Little River. From the Little River to
the coast, the Merrimack River is Class SB. The SB designation is for marine waters, the lower
segment of the Merrimack is influenced by ocean tides. Uses designated for Class SB waters in the
state include:

Class SB - These waters are designated as a habitat for fish, other aquatic life and wildlife, including for
their reproduction, migration, growth and other critical Jfunctions, and for primary and secondary
contact recreation. In certain waters, habitat for fish, other aquatic life and wildlife may include, but is
not limited to, seagrass. Where designated in the tables to 314 CMR 4.00 for shelifishing, these waters
shall be suitable for shellfish harvesting with depuration (Restricted and Conditionally Restricted
Shellfish Areas). These waters shall have consistently good aesthetic value.

The Merrimack River uses are qualified as warm water fisheries in the Class B portion of the river and
for shellfishing in the SB portion of the River. However, the Merrimack River from Lowell to
Amesbury has very low salinity and does not support existing or potential shellfishing use in the
Lowell reach under Class SB.

5.4.2 Uses and Supporting WQS

There are four major categories of potential uses of the Class B and SB rivers in Lowell - aesthetics;
habitat for fish, wildlife, and aquatic life; primary (swimming) and secondary (boating) contact
recreation; and water supply.

Aesthetics

The aesthetics of the river are an important asset to Lowell. The city has urban renewal projects that
focus on land adjacent to the river bank. The riverfront is also the cattine far covaral rite narle and ~
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These state WQS indicate that the waters should be free from color and turbidity and floating,
suspended, and settleable solids in concentrations or combinations that are aesthetically
objectionable or would impair any use assigned to this class, Oil, grease and petrochemicals that
produce a visible film on the surface of the water or impact aquatic life are also prohibited.

Fishing

State and Local parks, such as the Lowell National Historical Park, provide public access for fishing,
Additionally, numerous riverbank access points and boat launch points are available. Species of fish
found in the Lower Merrimack River are listed in Tables 5-2. The Merrimack River is also an
anadromous fish run, The fish include River Herring, American Shad, and Atlantic salmon as the three
main species in historic data, but also the Sea Lamprey, American Eel, and Stripe Bass. For the most
recent reported year, in 2012, 8,992 River Herring, 21,396 American Shad, and 137 Atlantic salmon
passed the fish lift at the Essex Dam in Lawrence. (Fish and Wildlife Service, 2014)

WQS indicate that waters shall have a temperature not to exceed 68° F (200 C) for cold-water fisheries
and 830 F (28.30 C) for warm-water fisheries. Dissolved oxygen levels must also be maintained at 6.0
milligrams per liter (mg/1) for cold-water fisheries and at 5.0 mg/I for warm-water fisheries. Solids
and oils and grease should be minimized to avoid benthic loadings along the river bottom, deleterious
effects to aquatic organisms, and tainting or undesirable taste in edible portions of fish.

The Massachusetts Department of Public Health has issued a Freshwater Fish Advisory for mercury
for the Merrimack River from above the Essex Dam in Lawrence to the state line in Tyngsborough.
However, there are no reported issues based on these standards affecting fish, the Massachusetts
Health and Human Services has issued a Public Health Fish Consumption Advisory for White Sucker

in Lowell.

Because mercury is only present in very small concentrations, if at all, in Lowell’s CSOs, these
discharges do not impair fishing in the lower Merrimack River.

Shellfishing

The Merrimack River below the Route 95 Bridge in Newburyport and Salisbury is a designated
shellfish area, but the area has been closed for more than 20 years because of high bacteria counts. In
March 2006, the Massachusetts Division of Marine Fisheries announced the re-classification and re-
opening of the Merrimack River shellfish flats in Newburyport and Salisbury to the conditional
harvesting of soft-shell clams.

Water quality testing by Marine Fisheries confirmed the river meets moderately contaminated criteria
during dry weather, for a Conditionally Restricted classification. Marine Fisheries sampling also

thresholds levels.

Consequently, only specially licensed Master and Subordinate diggers may harvest soft-shell clams for
depuration (purification) at Marine Fisheries’ Shellfish Purification Plant at Plum Island Point,

CDMW
Simith 5-10

0552-97319



SNH|20433Y snjnpun4

Soyoiwwinip

snuedliswWwe sajdauod najd

Japunoyj Ja3uim

SNSOUIdsWa38p0320 snjeydaloxoApy

uidjnas usoysuon

snsonbe snw|eyidoag J8punoyj auedmopuipp sheause snjeydasoxoApy Aggnug
BUBJLIDWE 3uoJoW yaiad apym snoeipenb sajjady 32eg3]a1s auidsinoy
sinuaj spAydoun NeyY auym snsiadspe sniqejoSoine | dauun)
Snies|nde snajsoiajsen JoBgapans suldsaalyy shyjuedelsy snjuudag ysissnng
Sl|l1exes auoloj sseq padiis XI11B}[eS SnWIWOo)ewod ysyan|g

lweuind sa103uo.ina|g

J3punoyjy yyoows

Sl|eAllsae eso|y

Susy yoegan|g

saloads efey so1eys Podwo) snpegoipy podwo) anuepy

sa10ads eipjuay SOpISIBA|IS SNYdUAYIAXo Jasuadioy uoaginis anuepy
sueaul|iq snidanaN ey Jaajis Jejes owjes uowes anuepy
Win3soJiAslq Jasuadioy uoagims asoupnioys SNuuelA] e1uooAa.lg uspeyuaw snuepy
snidJods snjeydasoxoApy uidnds uloyioys SNIQUIODS Jaquioas [242eW anuepy
m:_wcc:w.|.£o:a [2uuns ooy sndua.ey eadn|) Sulusy anuepy

ssny) s1pAydoun aNey pay BnyJow pnseg pod anuepy
XepJow sniawsp }jSWs moquiey euwissipides eso|y peys uesuawy

SUBJIA sniydejjod }20||0d SnuedLiawe sajApowwy S0Ue| pues uedlaLYy

SnuljoJed snjuolig

uiqo.Jeas usaypon

saplosaje|d sapjossojSoddiH

daled uedua Wy

snasny snyjeusuAs

ysyadid usaypop

eleJ3sod ej|insuy

|93 uedLIBWY

sniuBund snij8ung
SWEN J1J13Ua105

Joeqge|yans auidsauly

sn3ualeyopnasd esojy

SWEN 31411UI0S

Aiemys3 sanry HPBWILLIBIA Ui sa1dads ysiy

¢-sdjqey

34IMaly
salnads




The sources of the bacteria are thought to be upstream untreated river discharges (CSOs, stormwater
and non-point sources) and local non-point sources, Also, the area within the influence of the
Newburyport wastewater treatment facility and Amesbury wastewater treatment facility remains
closed to shellfishing.

Swimming

There is a public beach at the Lowell Heritage State Park, along Pawtucket Boulevard. This beach is
upstream of the Lowell CSOs and most of the City’s stormwater discharges. Accordingly, this beach is
generally only impacted by pollutant sources upstream of the City and out of the study area. Bacteria
are used as an indicator to identify the potential health risks to swimmers. Under the WQS, no single E.
coli sample shall exceed 235 colonies per 100 milliliters, Flags indicating water quality and are posted
at the Lowell Heritage State Park Beach and UMass Lowell Bellegarde Boathouse (upstream of beach).

There are no designated swimming areas on the lower Beaver Brook, Concord River or Merrimack
River below Lowell’s CSOs. Two public parks - Salisbury Beach State Reservation and Plum Island
Point - at the mouth of the Merrimack River allow ocean swimming. However, signs at both parks
explicitly prohibit swimming in the river. At Salisbury, a sand beach exists along the Merrimack during
low tide; however, the concrete seawall above the beach is painted with “Danger - Swim ming
Prohibited.”

At Plum Island, signs at the parking lot entrance explicitly prohibit swimming in the river,

periods in localized areas, such as from private docks or near the ocean.,

Boating
Canoeing, kayaking, and motorized boating are popular activities on the lower Merrimack River. Boat
launches are available at several parks, including at Lowell Heritage State Park and by the Lowell
Wastewater Treatment Plant and numerous others in towns downstream such as Tewksbury,
Haverhill, and Newburyport. Some residences have private boat docks as well. Some white water
boating also occurs on the Concord River.

In Massachusetts, the same water quality standards apply for boating as for swimming, Therefore, ag
described above, the CSOs cause the lower Merrimack River to be unsafe for boating periodically due
to fecal coliform limit violations,

Water Supply

There are no municipal water withdrawals for drinking water from the lower segment of the Concord
River or Beaver Brook. However, Tewksbury, Andover and Methuen draw all or part of their drinking
water supply from the Merrimack River below Lowell. There are no public water supplies on the
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Merrimack River downstream of Lawrence. The tidal excursion and, hence, salt water reaches up the
Merrimack River through Amesbury on normal tides, and potentially further during high tides or
storm surges.

The city of Haverhill is in the initial stages of considering a new supply, which may include a new
water withdrawal from the Merrimack River but, would not be a direct intake from the Merrimack
River. Haverhill does not have a definite plan at this current time,

5.4.3 Status of River Water Quality

Section 303(d) of the CWA requires each state to periodically review and identify those waterbodies
that are not expected to meet surface water quality standards after the implementation of technology-
based controls. Water bodies and uses that are impaired by water quality issues are included on the
303(d) list, which is also referred to as the Integrated List of Waters, The CWA requires that states
develop a total maximum daily loads (TMDL) assessment to determine what pollutant loads are

Beaver Brook, the Concord River and the Merrimack River downstream of Lowell are all on the 2013
303(d) list, the latest list available. Table 5-3 presents the information from the state’s 303(d) list.
The 303(d) list does not identify the sources of the impairment.

In 2005, MassDEP completed a draft TMDL for pathogens for the Merrimack River. The draft TMDL
found the sources of bacteria in the Merrimack River watershed were many and varied. Most of the

bacteria sources are believed to be stormwater related, but also included failing septic systems, CSOs,
sanitary sewer overflows (S50), sewer pipes connected to storm drains, certain recreational activities,

meet the bacteria standard. The draft TMDL determined that the goal should be accomplished through
implementation of best management practices, such as those associated with the nine minimum
controls and Phase I control program for stormwater.
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